CHICAGO
This paper contains the results of the Lange reaction on the spinal fluids of some sixty odd children and infants. We are reporting these because of the evidence that the colloidal gold reaction is of undoubted value as an aid in the early diagnosis of many cerebrospinal diseases occurring in such patients.
The first work on colloidal gold was that done by Michael Faraday 1 in 1857. His colloidal solutions were made by reducing gold chlorid with phosphorus. It was not, however, until 1898 that Zsigmondy 2 devised the present-day method for making clear solutions or suspensions of colloidal gold. He gives several methods for making these gold hydrosol s. The first method is the one used in making the indicator for our tests. Briefly, a dilute solution of gold is mixed with potassium carbonate and reduced at the boiling-point by formaldehyd.
3
If clear red solutions are desired, which can be used as' colloidal reagents, then the details a described in previous work must be followed.4 Zsigmondy further showed that on the addition of most electrolytes the red color quickly changes to a blue, and then deposits gold as an extremely fine powder. Another phenomenon discovered by him was that the presence of foreign colloids of certain kinds present the color change as well as the precipitation of gold. Even 0.0001 per cent. of gelatin is enough to do this. This phenomenon he designates Goldschutz, which for: each albuminous body is quantitatively different. Each albuminous body, then, has a definite gold figure ( Goldzahl) reckoned in terms of the number of milligrams necessary to protect 5 c.c. of goldsol against precipitation by 0.5 em. of 10 per cent. sodium chlorid. 6 It was further noted that 1 c.c. of 0.4 per cent. sodium chlorid would have no effect on colloidal gold. Then, if one diluted the se rum in 0.4 per cent. sodium ch lorid a point would be reached at about 1 :1,500 wh ich is the optimum dilution of globulin to precipitate out the goldsol, whereas, if this dilution is made with distilled water there is no optimum dilution point.
vVith this as a basis Carl Lange in Wechselmann 's laboratory in Berlin set out to apply the principle in testing pathologic spin al fluids. At that time he was interested primarily in the spinal fluids of syphilitics whom Wechselmann, was treating by the salva rsan method. The technic as w~rked out by Lange is briefl y as fo llows:
TECHNIC. OF GOLD CHLORID REACTION
A series of test-tubes (6 by ~ in size) is used. In the first tube place 1.8 c.c. of a 0.4 per cent. sodium chl orid soluti on (freshl y made from a stock 10 per ce nt. soluti on ), and 1 c. c. in each of the succeeding nine. Theu take 0.2 c.c. of the spinal fluid to be tested and add to the first tube, thus making a dilution of 1 : 10. This is mixed with a 1 c.c. pipet. One c.c. is removed and added to a second tube, making a dilution in this tube of 1: 20. This procedure is carried on throughout the series, the remaining quantity being thrown away. When the dilution s are finis hed there is 1 c.c. in each tube, and the dilutions vary f rom 1 : 10, l : 20, 1: 40, 1 : 80, etc., up to 1 : 5, 120 in the last tube. Then add rap idl y to each tube 5 c.c. of the indicator, whi ch is a coll oid al soluti on of gold.
As stated above, it is the making of the indicator that requires the greatest amount of care, because there are many small but important facto rs necessary to observe absolutely in order to obtain a useful indicator. Briefly, we may say that absolute chemical cleanliness and the following of the techn ic in detail as it is described is the only pos ible way to obtain the best indicator. A good indicator is necessary fo r accurate results from the test. The indicator when good is absolutely clear, is red in color, with some yellow a nd a tinge of purple. If kept in a clean J ena glass fl ask away from the light it will remain un changed for months.
The tests when made should stand for twenty-four hours to get the maximum amount of reaction before taking. a final reading. Nevertheless, one can within fifteen to thirty minutes, and in many cases sooner, tell what the result will be. T his is especially true of any strong reaction. For convenience and to facilitate the reading and interpretation of the results obtained by the test in general, the reactions may be divided into three groups. T he first group includes the reactions which a re strongest in dilutions of 1 :40 an d 1 :80 ( third and fourth tubes) . Second group, those having maximum reactions in the fourth, fifth and sixth ( 1 :80, 1 :160, 1 :320) tubes; third group, 7. Lange, Carl : Ztschr. f. Chem. u. ve r wa ndte Gebiete. 1913, i, o. 1, pp. 44-78. Th e u sual reacti o n o f t he f.an ge go ld e hl o ricl test o n th e ce r ebros pi nal Au id 111 co ng e ni tal syph ilis.
the reactions which are strongest in the seventh to tenth ( 1 :640 to 1 :5,120) tubes.
The diseases of the brain and cord falling into the first class are those due to syphilis, that is, syphilitic meningitis, gumma of the brain, tabes dorsalis, general paresis and congenital syphilis. In all of these the maximum reaction is in the third and fourth ( dilutions 1 :40 and 1 :80) tubes. These involve certain variations which will be taken up later. Syphilitic meningitis, gumma of the brain, as well as congenital syphilis, give, as a rule, a red-blue or violet color. This would be designated as a 2 reaction. Tabes dorsalis early in the disease or after treatment might give the same type of reaction. In a well-developed tabes, however, there is usually a 3 :5 (dark to light blue or water white) reaction at 1 :40 and 1 :80 with the reaction fading gradually to the left and rather abruptly to the right. General paresis gives, even early in the disease, a reaction typical for that condition alone. So constant is the reaction that one may venture a diagnosis without other find ings either clinical or laboratory. This reaction is the strongest of them all and in it we see an absolutely clear, colorless fluid ( 5) in the first four, five or even as high as the eighth tube, with a (2) reaction in the tenth tube. A taboparetic spinal fluid early would react strongly -approaching very closely the reactions for a true general paresis.
The reactions in the second group are rarely st ronger than a clark blue ( 3) and usually lie between a red-blue and a violet (2 to 3). Tuberculous meningitis usually gives the strongest reactions of any of this group. The point of maximum reaction is usually in the fifth and sixth ( dilutions 1:160 and 1 :320) tubes. As the disease progresses it may approach the higher dilutions. In two cases of this series in which the spinal fluid was tested shortly before death occurred, the maximum reaction was in the eighth tube ( 1 :1 ,280). In this respect it resembles the reaction occurring in suppurative mening1t1s. Brain tumors, toxic meningitis (meningismus), edemas from sunstroke, uremia, etc., may give a slight reaction of equal intensity in the fo urth, fifth and sixth tubes ( 1 :80, 1 :160 and 1 :1,320) when they react at all. Brain tumors in the presence of normal spinal fluid give no reaction.
A ll stages of acute encephalitis on to brain abscess belong also in this second group. The reaction approaches more nearly that for syphilis than any other type of lesion. The maximum reaction is usually in dilutions of 1 : 80 and 1 : 160, but extending toward the higher d ilutions, thus differing from syphili s.
Suppurative meningitis from any cause will give a strong reaction in the higher dilution s, usually strongest in the seventh and eighth tubes ( 1 : 60 and 1 : 1,200). This is usually a dark blue color ( 3), but may be so strong that a clear, colorless ( 5) reaction will occur.
Group colloidal gold reactions for syphilis and tuberculous meningitis have been reported more recently by Eicke 8 and Lee and Hinton.
0
Miller and Levy 1 0 conclude that the Lange reaction "is of no aid in the diagnosis of purulent or tuberculous meningitis," and that "it has no advantage over known laboratory procedures in the diagnosis of congenital syphilis." After reading the results recorded in their paper, we do not believe that they have drawn proper conclusions. They report 100 per cent. positive Wassermann reactions in congenital syphilis cases, however. We have been unable to get such results.
The following precautions were taken in obtaining the cerebrospinal fluid: After sterilization of the puncture needle it was thoroughly cleansed with alcohol and then with ether; the skin was washed with iodin and the iodin removed with alcohol. All fluids were rejected in which blood could be recognized. The vVassermann reaction, when tested, was made on the cerebrospinal fluid, unless otherwise mentioned in the tables. We might state that we were ~trongly impressed by the fact that in congenital syphilis a rather florid state of the disease is required to produce a positive \IVassermann reaction. Table 1 is a report of eighteen cases of congenital syphilis. It will be seen that in every one of these cases there was a definite precipitation in the gold chlorid solution. This reaction in every case showed its greatest intens ity in the dilutions of 1: 40 and 1: 80. In only one instance, Case 14, was there any reaction above the dilution of 1 :320. In Case 3 and Case 9, after, respectively, seven weeks and one year of treatment, the reaction was materially altered, in Case 3 no reaction appearing, and in Case 9 the reaction being very markedly reduced. Table 2 contains reactions of four infants. These reactions are peculiarly similar to those obtained in paretic dementia in adults. It is for that reason that they have been separated from the cases tabulated in Table 1 .
It will be noted that in all these cases in the first six dilutions the precipitate was great, and that in the first case the precipitate was almost complete throughout. In Cases 1, 2 and 3 death occurred in from five days to two months after the examination of the cerebrospinal fluid, but un fo rtunately in none of these cases could a necropsy be obtained. 8. Eicke. Miinchen. Med. Wchnschr., 1913 , lx, 2713 -2717 . Lee and Hinton: Am. Jour. Med. Sc., 1914, ex! viii, 33. 10. Miller and Levy: Bull. J ohn s Hopkins Hospital, 1914, xxv, No. 279, 133 . After 1 year's treatmen t.
Remarks
Death within 1 week . Death in 5 days . Death in 2 months. Many symptoms of p aretic dementi a.
Patient 4 was a little girl of 8 years who entered the Presbyterian Hospital July 19, 1913, on the service of Dr. Bassoe. The history was as follows: Father and mother were well; three younger brothers, all healthy, normal and strong; there was one premature birth, the fir st child, with death three w eeks after birth; after this a miscarriage at seven months; then the patient was born, and after her the three boys above mentioned. There is no family history of imbecility, idiocy, etc.; no history of tuberculosis or syphilis. The child had measles and mumps when a year old, but up to the fifth year she was appa rently perfectly normal and then she began slowly to show signs of idiocy. Thi s began by running over a lot of words which had no sense to them. She gradually developed incontinence of feces and urine. She r ecognized only her parents and brothers; she did not cry much, ate well and had no pain. She was nervous; her knees seemed weak; her right arm was weaker than the left and was slowly getting worse. She was easily frightened but slept soundly. On physical examination the pupils of th e eyes were found large and reacted slowly to light; nose and ears negative ; teeth irregular; thyroid was not to be palpated; there were no abnormal findings in the chest or abdomen . As to the extremities, it was noticed that the fingers of the right hand were somewhat overextend ed, especially in the end phalanges. Reflexes: Pupils r eacted very slowly to light; the patellar reflex was ex aggerated ; Achilles and arm reflex es were prese nt and there was some question as to the Babin sky. As to her speech, it was f ound that so me of the common things she could say ve ry well, and this would be follow ed by words which made no sense.
There is enough in this history to make one at least strongly suspicious of the presence of a paretic dementia, even though this condition is quite rare at this age.
As to the interpretation of the other three cases, it is impossible for us to offer any suggestions. It seems, however, that investigation of such cases is well worth future study. Table 3 contains twelve cases which we were not able to show positively clinically were congenital syphilis. There was, however, in every case a strong susp1c10n. It will be noted in this series, too, that with the exception of Case 6, reaction was most marked in the dilutions of 1 :40 and 1 :80.
Patient 6, Grant R. , entered th e Presbyteri a n Hospital on the ser vice o f Dr. Grulee on May 27, 1914, aged 1 year. H e came in with the complaint that the present trouble began with a cold in the head and croup six weeks befor e. During the previ ous week th e co ndition had been getting much worse ; breathing was diffi cult and wheezy. The child had never been cyanotic. The stools were green and contained curds, and there was no vomiting. Th e child had been breast-f ed up to three or four clays before entrance ; had never bee n previously ill; there was Vf: ry ma rk ed dyspnea on expirati on and in spiration. The child cri ed seld om but its cry was hoarse. There was ma rked retraction of the lower end o f the ste rnum; in the sternal region there wa s dimini shed resonance and fl atness which extend ed one finge r's breadth to the left o f the sternum; over the wh ole chest breath sound s were loud a nd wh eezy; bronch ophony over th e spine within one fi nger's breadth of th e lowest level o f the spine of the scapula; no fi ne r id es.
In th e abdom en the splee n was found to be two fi ngers' breadth below the ribs and was firm ; th e liver was not enl a rged. Th e ce r vical ax ill a ry a nd inguinal glands were enl a rged but no epitrochl ears were felt. Examination of the laryn x by Dr. F ri edberg showed a subglottic swelling which was probably Syphili tic meningitis. a n ed ema. T he bl ood showed 3,560,000 reds, 17,900 wh ites, and 50 per cent. hemoglobin (Dare). Th e child rapid ly im proved on a powder consisti ng of mercury with chalk, 0 grain, an d sodi um b romid, 2 g ra ins, given three times a day. The child left the hospital on June 7 much improved, a nd fr om recent r epo rts, on continuing the same t reatment the improvemen t has been steady. Th e R oentgenog ram showed a shadow in the m ed iastinu m which appeared to be a mass of enl a rged medi astin al glands. W hether this is a case of conge nital syp hili s or not, we do not feel competent to say.
A mong these cases were two, Cases 5 and 11 , in which a severe anem1a wa g radually but materially benefited by mercurial treatment.
SUMMARY
Summing up the gold chlorid reaction as it occurs 111 congenital syphilis, it seems to us that the follo wing may be stated :
There a re two types of reaction which occur in cases of congenital syphilis; one in which the height o f the reaction is obtained in the dilutions of 1 :40 and 1 :80 ; in higher dilutions there is a distinct tendency to less reaction , a nd this reaction never continues past the dilutions of 1 :640, and in frequently past the dilutions of 1 :160. The second reaction approaches closely that of paretic dementia and needs furth er investigation before it can be properly interpreted. Table 4 contains the reactions in eight cases of tuberculous meningitis. In five of these cases the reaction was most ma rked in the dilutions of 1 : 160 and 1 : 320. I n two the reaction was greatest in dilutions of 1: 640 and 1 : 1,280 ; in one at 1 : 40 and 1 : 80. I n Case 2 the diagnosis of miliary tuberculosis with tuberculosis of the m eni nges was confirmed at necropsy.
The diagnosis of Case 1 is questionable, principally because of the age. o signs of general miliary tuberculosis were to be found. The case may have been one of syphilitic meningitis. The child left the hospi tal a nd it was imposs ible to trace it further. T here is little question th a t there is ma rked reaction of the colloidal gold chlorid solution to the cerebrospinal flui d in tuberculous meningiti s.
Very few conclusions may be drawn from such a small series of cases. In five of th e eight cases th e reaction s were most ma rked in the dilutions of 1 : 160 and 1 : 320. I t is a noticeable fact, however, that in two cases the reaction was most marked in the dilutions of 1 :640 and 1 :1,280, the same as in the case of septic meningitis, T able 5, Case 3. A fter examination of the cerebrospinal fluid in tuberculous meningitis in adults, we have come to look on the firstnoted reaction as the more typical and almost never to expect reaction in dilutions of 1 : 640 and 1 : 1280 except in cases of septic meningitis.
In T able 5 a re included those cases in which there were symptoms of conditions affecting th e mentality or menmges. In thi s have been included two cases of cretinism. In Cases 1, 4, 5, 6, 7 and 10, the reaction is seen to be similar to that of congenital syphilis. Case 1 was a case of meningitis due to diplococci, probably pneumococci. Case 4 was a case of meningismus in which there were strong suspicions of congenital syphilis. Cases 5 and 6 were also cases of meningismus but in neither of these cases was there any reason to suspect syphilis. Case 7 was a case of chronic hydrocephalus, probably of congenital origin. Case 10 was a case of idiocy in which the Wassermann and gold chlorid tests were both positive for syphilis, but which at necropsy showed nothing anatomically which would bear out this diagnosis.
The difference in the reactions of the cereb rospinal fluid in the two cases of cretini sm is worthy of notice. Case 9 was far more advanced than Case 8. Whether this accounts for the greater reaction, it is impossible to say.
It is to be noted that in Case 2, while the Nonne a nd Wassermann were distinctly positive, the reaction to the gold chlorid was slight. Table 6 contains eleven cases in most of which the patients were examined to obtain fluids which could be used as controls. It will be noted that four of these showed reactions whi ch corresponded to the reactions of congenital syphilis. Of these, one, Case 11 , gave at the same tim e a positive Wassermann reaction. Patient 9 was a premature baby and some suspicions of syph ilis may attach to it. Case 10 was a case of miliary tuberculosis with distinct signs of involvement of the meninges. Case 7 was one of evere marasmus in a Greek baby 9 months old. The child had no certain enlargement of the spleen; there was, however, a mass in the left upper abdominal region which might have been an enlarged spleen. The epitrochlear glands were enlarged in addition to th is, and the child showed marked involvement of the k idney which was rather in the nature of a severe pyelocystitis than of a nephritis. There were some po ints in this which might suggest the possibility of a congen ital syphili s; at least its presence cannot be absolutely ruled out.
It should be stated that the amount of cerebrospinal fluid obtained was in many instances too small for use in making the cell count and Wassermann reaction after the Nonne and gold test had been made CONCLUSIO S 1. In the cases of congenital syphilis included in this repo rt the cereb rospinal fluid reacted to the colloidal gold chlorid solution always in the lower dilutions, and with a marked degree of regularity strongest in the dilutions of 1 :40 and 1 :80.
2. T here is a small group of cases of congenital syphilis in which the reaction is simila r to that of paretic dementia.
